This paper contributes to the policy debate on minimum wage by highlighting its role in enforcing compliance with …scal rules in economies where underreporting of earnings is widespread. First, I propose a simple model exploring the interaction between the minimum wage and underreporting of earnings. Then, I provide supportive evidence by documenting a positive correlation within European labour markets between the proportion of full-time employees with earnings on the minimum wage and the extent of underreporting of earnings in the economy. The analysis presented in this paper suggests that a high spike in the wage distribution at the minimum wage level is, in some contexts, a …scal issue, more than a labour market issue, and therefore it would be incorrect to consider a high spike as an indication of a binding minimum wage. Also, di¤erentiating the minimum wage along dimensions related to earnings (e.g. education, sector, or occupation) makes sense from an enforcement perspective.
Introduction
At what level to …x the minimum wage is a recurrent, and very often contentious, labour market policy issue in many countries. More fundamentally, in some countries like Germany there is currently a lively debate on whether or not to have a general statutory minimum wage. The degree of controversy surrounding decisions on minimum wage policy is not surprising, as they hinge on a complex balance between competing arguments. The minimum wage has implications both in terms of e¢ ciency and equity, for the labour market and beyond, as a minimum wage may signi…cantly a¤ect prices and pro…ts and thus consumption and investment patterns 1 . In this paper I contribute to the debate on minimum wage policy by highlighting one aspect that has been largely overlooked, namely its role in enforcing compliance with …scal rules in economies where underreporting of earnings is widespread.
I start with a very simple observation: consider that in 2006 the minimum wage was 30% of the average wage in Romania and 38% in the UK. In the same year, more than 8% of Romanian full-time employees earned the minimum wage, while the …gure for the UK was a much lower 1.8%. 2 Why such a big di¤erence? Does this imply that the shape of the productivity distribution in the two countries is very di¤erent? Or that other institutions, like unemployment bene…ts, compress the wage distribution much more in the UK than in Romania? What I claim in this paper is that the di¤erence in the size of the spike at the minimum wage level between Romania and the UK is actually related to the di¤erent incidence of so called "envelope wages", i.e. cash payments unreported to tax or social security authorities. Indeed, in the same period, 23% of Romanian employees admitted having been paid "cash-in-hand" by their employer, while the …gure for the UK was just 1%. To corroborate this claim, I will …rst introduce a labour market model with underreporting of earnings, where a spike at the minimum wage level emerges as a result of the optimal reporting behaviour by …rms and workers. In particular, what I show in the model is that for a given level of the minimum wage, a looser enforcement of …scal regulation is associated with a bigger spike and, quite naturally, with higher underreporting of earnings. Thus, a positive correlation between the spike at the minimum wage level and the extent of underreporting in the economy emerges through their common dependence on enforcement. I will then present a novel empirical observation: controlling for the minimum wage level, there is indeed a positive correlation within European labour markets between the proportion of full-time employees with earnings on the minimum wage and various measures of informality, like the percentage of employees receiving 1 Reviews on the impact of the minimum wage are provided in Brown (1999) and Neumark and Wascher (2008) . 2 All data are from Eurostat. Details are provided in Section 3. envelope wages. This has important policy implications that will be discussed in the conclusions.
The relevance of this aspect of minimum wage policy is due to the fact that underreporting of earnings is a serious issue in many countries 3 . In 2007 the European Commission conducted a survey on undeclared work using a representative sample of individuals in the European Union (European Commission, 2007) . In that survey, 5% of all dependent employees admitted having received all or part of their salary as envelope or cash-in-hand wages within the past 12 months.
There is a considerable heterogeneity within the EU, with underreporting of earnings being particularly relevant in Central and Eastern Europe. Romania is the country with the highest incidence of envelope wages, with 23% of employees having received them in the last year. Latvia, Bulgaria, Poland, and Lithuania follow, all with a double digit share, while Estonia and Hungary position themselves just below, with cash-in-hand paid to 8% of employees. On the other hand, the phenomenon is virtually non existent in Germany, France, Luxembourg, Malta and the United Kingdom, with a marginal share of 1% of dependent employees receiving envelope wages. The phenomenon is of course present also outside the EU. For instance, in Ukraine a survey involving 600 households found that 30% of formal employees interviewed received part of their wage cash-in-hand countries, special attention should be paid to the wide-spread practice of "envelope wages", where only the minimum wage is o¢ cially declared and an additional part is paid as cash in an envelope." Despite this evidence, the literature on minimum wage and informality has focused mostly on Latin America 4 . The main issue in Latin America is the existence of a large informal sector where employees generally lack basic social or legal protections or employment bene…ts and the minimum wage legislation is not implemented. The literature usually looks at the impact of the minimum wage on the informal sector. For instance, Maloney and Nunez (2004) …nd that the minimum wage has an in ‡uence in the informal sector wage distribution in virtually all the countries they examine and, in some countries (Brazil, Mexico, Argentina, and Uruguay), the in ‡uence of the minimum wage seems far stronger on the informal sector than the formal. More recently, Lemos (2009) 
uses
Brazilian data and …nds a wage compression e¤ect for both the formal and informal sectors, but no evidence of employment e¤ects in either sector. However, Bosch and Manacorda (2010) where legality is de…ned as abiding by the minimum wage and participating in a set of payroll taxes and mandated non-wage bene…ts. He shows how enforcement of a minimum wage law creates a clump of illegal workers at the minimum wage. The view of informality that I use here, and that better …ts the European experience, is instead one where there is also an "intensive margin" to the compliance decision, where …rms and workers operating in the formal economy may decide to partially underreport earnings to avoid paying taxes and social security contributions.
From a modelling perspective, it is worth noticing how, in a standard competitive labour market, there should be no spike at the minimum wage level, as "workers whose services are worth less than the minimum wage are discharged" (Stigler, 1946) , and the wage distribution should be truncated.
In other models, a spike could appear because, for instance, of adjustments in working conditions (De Fraja, 1999) or training (Acemoglu and Pischke, 2003) , or because of frictions in the labour market (Manning, 2003; Flinn, 2006) . This paper provides support for a di¤erent mechanism explaining the presence of a spike even in a competitive labour market, based on the role of the minimum wage in the enforcement of …scal regulation.
The rest of the paper is organized as follows. Next section brie ‡y presents the model, while section 3 shows the relationship between the spike and underreporting within European labour markets. The last section concludes by discussing policy implications.
The model
Here, I brie ‡y sketch the model of a perfectly competitive labour market with underreporting of earnings developed in Tonin (2011) and study the relationship between the spike and underreporting.
The purpose of the model is to illustrate in a simple and tractable way the mechanism behind the correlation between the size of the spike at the minimum wage level and the prevalence of underreporting of earnings in the economy. As such, I will greatly simplify the …scal environment, assuming for instance proportional taxation and random audits by the tax authority, and the labour market, assuming no frictions and no choice about hours of work. However, the intuition behind the proposed mechanism is likely to hold more generally. Namely, the idea is that …rms and workers base their decision on how much to report on the likelihood of being detected and …ned in case of evasion. The minimum wage represents an additional constraint for …rms'and workers' reporting decision, because if they wish to remain in the formal economy they need to declare at least the minimum. More …rms and workers will …nd the minimum wage constraint to be actually binding if …scal enforcement is weaker, thus generating a larger spike. Quite naturally, with weaker …scal enforcement, underreporting is more prevalent in the economy, thus inducing the positive correlation.
Assume that a worker is characterized by a productivity y i , distributed in the population according to pdf g(y) and cdf G(y) on the support [ȳ ; y], where ȳ 0. Workers are employed by risk-neutral …rms who have an obligation to withhold taxes and social security contributions at the proportional rate t 2 (0; 1). The labour market is perfectly competitive. In the economy, it is possible to underreport earnings, so that a …rm can deduct taxes from any tax base x i 2 [0;
With probability 2 [0; 1], the tax authority inspects …rms. The detection technology is imperfect, so that during an audit the tax authority may …nd evidence to impute an incomeŷ i 2 [0; y i ], wherê y i has an uniform distribution over the support [0; y i ]. In case tax evasion is detected, i.e. when y i > x i , the tax authority imposes the payment of due taxes plus an additional …ne proportional to the assessed tax evasion t (ŷ i x i ), with > 1. Firms maximize expected pro…ts, while workers maximize net income. It is possible to show (see Tonin, 2011, for details) that the optimal reporting behaviour without a minimum wage is given by (1)
Introducing a minimum monthly wage $ leaves high productivity workers (i.e. with y i > $= (1 )) una¤ected and pushes low productivity workers (i.e. with y i < $ max f1=(2 2 ); 1g) into the black market (if > t=2) or into inactivity (if t=2). The remaining workers, those with intermediate productivity, increase their compliance to the minimum wage level, thus creating a spike whose size is given by
What happens to the size of the spike when enforcement changes? It is possible to show that (see the Appendix for proof):
Proposition 1 When enforcement is not too weak, a decrease in enforcement increases the size of the spike at the minimum wage, both in absolute terms or relative to the o¢ cially employed workforce. When enforcement is weak, a su¢ cient condition for this to happen is a single peaked productivity distribution combined with a minimum wage binding for workers with productivity lower than the mode.
What happens to the size of the informal economy when enforcement changes? It is possible to
show that (see the Appendix for proof):
Proposition 2 When enforcement decreases, the size of the informal economy increases, both in absolute terms, relative to the formal economy, or relative to the economy as a whole.
Thus, for a given productivity distribution and minimum wage, as enforcement gets weaker, both the size of the informal economy and the size of the spike at the minimum wage level increase, giving rise to the positive correlation between these two quantities that will be documented in the next section. 5 The assumption is that enforcement is strong enough so that 2 (0; 1).
The Relationship between the Spike and Underreporting
In 2007 the European Commission conducted a survey about undeclared work (European Commission, 2007). The survey interviewed almost 27,000 individuals from the 27 member states and asked speci…c questions about cash-in-hand payments by employers. For instance, the following question was asked to dependent employees:
"Sometimes employers prefer to pay all or part of the regular salary or the remuneration for extra work or overtime hours cash-in-hand and without declaring it to tax or social security authorities.
Did your employer pay you all or part of your income in the last 12 months in this way?"
In case of a positive answer, the survey asked whether the cash-in-hand payment was part of the remuneration for regular work or for overtime hours or both 6 , and which percentage share of gross yearly income in the main job was received cash-in-hand 7 . In what follows, I use these questions to build di¤erent measures of underreporting of earnings by employees in EU countries.
This survey is unique in measuring undeclared work, and in particular envelope wages, on an EU wide basis and in a cross-nationally comparable way, even if the limitations of measuring sensitive issues like undeclared work through a direct survey should be acknowledged. Getting cross-country data on the size of the spike at the minimum wage level is also challenging. Until the end of 2008,
Eurostat has asked member countries to report the proportion of full-time employees with earnings on the minimum wage and this measure will be used to measure the size of the spike at the minimum wage level. Also these data on the spike are unique, even if it should be noticed how they were not fully harmonized between the countries (Eurostat, personal communication) . Given that the survey on undeclared work took place in May-June 2007 and that the question on underreporting of earnings referred to the last 12 months, I will use spike data for 2006. I will also use Eurostat data on the minimum monthly wage as a proportion of average monthly earnings in industry and services and I will refer to this measure as the Kaitz index.
Among the 27 countries that are members of the European Union, seven (the three Nordic countries, plus Austria, Cyprus, Germany, and Italy) do not have anything resembling a national minimum wage (see Eurostat, 2007a , for the methodology used to calculate the minimum wage), while Eurostat does not report the proportion of full-time employees with earnings on the minimum wage for Belgium and Greece (Eurostat, 2007b) . Therefore, the analysis is conducted on the remaining 18 countries. This is clearly a small sample size and the results should be interpreted accordingly. However, despite their limitations, these are, to the best of my knowledge, the best available data to assess the relationship between the spike at the minimum wage and underreporting of earnings.
[ [ The size of the coe¢ cient for the informal economy in column 3 implies that, when controlling for the size of the minimum wage relative to the average wage, an increase by 1% in the proportion of dependent employees answering a¢ rmatively to the question on whether they have been paid cash-in-hand in the last 12 months is related to almost a 0.5% increase in the proportion of fulltime employees with earnings on the minimum wage. I also use di¤erent measures of the informal economy, based on the additional survey questions administered to those receiving unreported earnings. In column 4, I use the product between the proportion of dependent employees receiving cash-in-hand and the proportion of gross yearly income paid cash-in-hand in the main job to these employees. This represents a measure of the proportion of the total wage bill that goes unreported in the economy, thus capturing both the "extensive" and "intensive" margins of underreporting.
In column 5, I consider the proportion of dependent employees receiving cash-in-hand as part of remuneration for their regular job only, as opposed to overtime hours, while in column 6 I include also those receiving cash-in-hand for both their regular job and overtime. In some countries, for instance in Hungary, the statutory minimum wage relates to gross monthly earnings net of overtime pay. In these cases, the minimum wage is not likely to represent a constraint to those underreporting remuneration only for overtime hours. The measures reported in columns 5 and 6 exclude them.
Finally, considering the fact that undeclared work is a sensitive issue and people may be reluctant to admit it in a direct survey, in column 7 I also consider as receiving unreported pay those refusing to answer the question. Regardless of the speci…cation, there appear to be a positive correlation between the size of the spike at the minimum wage level and the prevalence of underreporting of earnings in the economy, after controlling for the size of the minimum wage relative to the average. 8 
Robustness
To check for the robustness of this relationship, here I control for additional variables. Given the small sample size, I add to the regressions one variable at the time. Descriptive statistics for these variables are presented in table 3, while the regression results in tables 4-7. Regression results are presented for the …ve di¤erent de…nitions of informality discussed in the previous section. To facilitate the comparison, columns in tables 4-7 are numbered to match the column in table 2 using the same de…nition of informality.
[ One could think that less developed countries have more informality, for instance because of weaker institutions, and at the same time a higher spike, for instance because of a more right-skewed productivity distribution, with many unskilled workers, and this could be driving the correlation.
However, controlling for GDP per capita (expressed either in euro or in purchasing power standard.
See table 4), the correlation between the size of the spike and the various measures of informality appears to be even stronger. Thus, it does not appear that this correlation is driven by di¤erences in the level of economic development. 9 Controlling for various labour market variables like the activity rate, the unemployment rate, the share of employees with temporary contracts, the share of part-time employment, or the average number of weekly hours, does not change the picture. As the model predicts a positive correlation between the spike and informality for a given productivity distribution, I control for two variables related to it, namely the percentage of working age people with lower secondary education and the percentage with tertiary education. Also in these cases, the picture remains unchanged.
[ having an impact on the wage distribution, bene…ts for the unemployed could also have an impact on informality, as with high bene…ts workers may be more inclined to work underground. To see whether this indeed matters, I control in table 5 for total spending on the unemployed in purchasing power standard per capita or as a percentage of GDP. I also look at spending, using the same two types of measure, devoted to unemployment bene…ts, to placement services and job search assistance, and to vocational training. Unemployment bene…ts may a¤ect the relationship between the spike and underreporting through the mechanism described above. Placement services and job search assistance may have an impact on the quality of matches between job seekers and …rms, and thus potentially also on the distribution of earnings and, being available only for formal jobs, on the size of the informal economy. Finally, vocational training may in ‡uence the productivity distribution. None of these factors has an impact on the relationship between the spike and informality.
The same is true when I include also the unemployment rate as a control (results not reported).
[ In the previous section I have shown in a stylized model of the labour market with underreporting of earnings how the positive correlation between informality and the spike emerges because of their common dependence on the strength of …scal enforcement. One could argue that, rather than enforcement, it could be the case that it is the tax rate that is driving the correlation, with countries where tax rates on labour earnings are higher having both more informality and larger spikes. In the model the size of the spike and the size of the underground economy do not depend on the tax rate. This is due to the standard assumption that the …ne is proportional to the amount evaded. The tax rate would instead matter with a …ne proportional to the undeclared amount (as in Allingham and Sandmo, 1972) or some …xed cost in case of detection. To see whether the relationship between the spike and informality is driven by the tax rate, I add several measures of the tax rate as control variables (see table 6 ). The most relevant one for people partially underreporting their earnings is the so called "low wage trap", measuring the percentage of gross earnings which is taxed away through the combined e¤ects of income taxes, social security contributions and any withdrawal of bene…ts when gross earnings increase from 33% to 67% of the average wage, both for single persons without children and for one-earner couples with two children. I also include as control the "unemployment trap", measuring the percentage of gross earnings which is taxed away through higher tax and social security contributions and the withdrawal of unemployment, and other, bene…ts when an unemployed person returns to employment. This is particularly relevant for people deciding whether to be formally employed or not. Eurostat measures this quantity for a single person without children earning 67% of the average wage when in work. I also add several other measures of the tax rate, de…ned as the income tax on gross wage earnings plus the employee's social security contributions less universal cash bene…ts, expressed as a percentage of gross wage earnings, for several situations (single person without children earning 50% or 67% of the average wage; single parent with two children earning 67% of the average wage; one-earner married couple with two children earning 100% of the average wage; two-earner married couple, one at 100%, the other at 33% or at 100% of the average wage, with no children). In all speci…cation the tax rate is not signi…cant, while the di¤erent measures of informality and the Kaitz index maintain their statistical signi…cance.
[ Another possible alternative mechanism to explain the correlation between the spike and informality involves the importance of small …rms in the economy. Namely, small …rms may be more likely to pay the minimum wage, because their productivity is generally lower and they are less unionized, and also more likely to underreport to …scal authorities, because they are less subject to audits. Thus, countries with more small …rms may tend to have both a higher spike and a bigger informal economy. This, however, turns out not to be the case when looking at the European labour markets considered here. Adding the share of micro enterprises (de…ned as those with less than 10 employees) in the total population of enterprises or their relative share of the workforce does not a¤ect the positive correlation between the spike and informality 10 (see table 7 ).
[
TABLE 7 AROUND HERE]
The evidence that has been presented shows a positive correlation between the size of the spike at the minimum wage and informality. This is consistent with the model. Due to the small sample size this evidence cannot be considered conclusive, but, given the di¢ culties in …nding suitable data, it is, to the best of my knowledge, the best evidence available. In the next section, I will conclude by discussing some policy implications.
Conclusions
In this paper, I have highlighted the fact that the minimum wage a¤ects compliance with …scal regulation and has therefore a potential role in enforcement. What are the implications for minimum wage policy? A …rst thing to notice is that, in contexts where underreporting is pervasive, it would be incorrect to argue that a high proportion of the workforce earning the minimum wage is an indicator of the minimum wage being particularly binding from a labour market perspective.
Thus, somebody calling for a reduction in the minimum wage, for instance because there is high unemployment in the economy, and claiming that a high spike indicates that the minimum wage is indeed too high given the productivity distribution, may be quite o¤ the mark in a country where envelope wages are common.
The analysis also suggests that, among the many other considerations usually highlighted in the literature, when designing a minimum wage policy, its implications for underreporting should be taken into account. In particular, if there are variables that are easily observable by the tax authority, di¢ cult to manipulate, and linked to earnings (e.g. education, sector, occupation), then it would make sense from an enforcement perspective to di¤erentiate the minimum wage accordingly.
In this way, it would be possible to …x a higher minimum, and thus ensure higher compliance, for workers belonging to categories with higher earnings, without pricing truly low skilled workers out of the o¢ cial labour market. Examples of such arrangements exist in Hungary, where there is a three-tier minimum wage system linked to education, and in Bulgaria, with social security contribution paid on minima di¤erentiated according to sector and occupation (Tonin, 2013).
[ 
APPENDIX -Proofs
Proof of Proposition 1 A decrease in enforcement parameters, i.e. an increase in , induces the minimum wage to be declared by some workers previously declaring more, thereby increasing the size of the spike. If enforcement is su¢ ciently weak, i.e. if 1=2 < < 1, an additional e¤ect plays a role, as some workers previously declaring the minimum wage prefer to go into the black economy, thus reducing the size of the spike. In this case
.
Assuming that the distribution of productivity is single peaked, the above condition is satis…ed if the minimum wage is binding for workers with productivity lower than the mode. The analysis can also be conducted in terms of the size of the spike relative to the size of the o¢ cially employed workforce, where the latter is given by:
The condition for the spike relative to the o¢ cially employed workforce, S=L, to increase with is looser than (3), as the size of the o¢ cially employed workforce is not increasing with . In particular, when
Given that
and that
where
Proof of Proposition 2 First, notice that when workers with a productivity below the minimum wage work in the black market, i.e. when t=2, the size of the informal economy is given by:
A decrease in enforcement, i.e. an increase in , increases the size of the informal economy as workers una¤ected by the minimum wage evade more. Moreover, when enforcement is already low, i.e. 1=2 < < 1, some workers previously declaring the minimum wage go into the black economy, thereby further increasing informality. The size of the informal economy relative to the economy as a whole, U=Y , or relative to the size of the formal economy, U= (Y U ), is also of interest. When t=2, the size of the economy is given by Y = R y ȳ yg(y)dy and does not depend on . Thus, the derivatives of U , U=Y , U= (Y U ) w.r.t. all have the same sign.
When workers with productivity below the minimum wage withdraw from the labour market, i.e. when < t=2, there is no black market, thus the size of the underground economy is given by the last two terms in expression (5), representing, respectively, underreporting by workers declaring the minimum wage and underreporting by workers declaring more than the minimum. Also in this case does a decrease in enforcement, i.e. an increase in , increase the size of the informal economy as workers una¤ected by the minimum wage evade more. Notice that there is a discontinuity in the size of the informal economy at = t=2. When enforcement parameters decrease (i.e. increases), the size of the informal economy jumps up discretely as workers previously withdrawn from the labour market enter into the black market. This jump goes in the same direction as the derivative, so it is possible to state that the size of the informal economy always increases as enforcement decreases. The same is true if I consider the size of the informal economy relative to the whole economy, U=Y , or relative to the formal economy, U= (Y U ). In particular, when 0 < <
yg(y)dy > 0:
yg(y)dy;
and, given that R $ ȳ yg(y)dy does not depend on , the derivative is the same as in the previous case. At = t 2 the size of the underground economy jumps up by
, the size of the economy is given by Y = R y $ yg(y)dy. When t 2 , the size of the economy is given by Y = R y ȳ yg(y)dy. In both case, it does not depend on . As
the derivatives of U , U=Y , U= (Y U ) w.r.t. all have the same sign.
APPENDIX -Variable List
Here I provide a de…nition for all the variables used in the robustness checks. The source is
EUROSTAT. The year is 2006 unless otherwise indicated.
gdppc_eur: GDP per capita in Euro in thousands.
gdppc_ppp: GDP per capita in Purchasing Power Standard in thousands.
activity: Activity rate (15 to 64 years).
unemployment: Unemployment rate, annual average (%). Table 2 apply also here. OLS estimation. All regressions include a constant. Sample size is 16.
